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1 Introduction

RLM and RLF related configuration and timers were discussed in RAN2#100 [1], and the following agreements were made:
Agreements

1
RLM configuration and RLF related timers and constants are located as part of the SpCell configuration information (therefore a separate configuration from RRM)

FFS  Value range for T310/T313
Up to now, the configuration on RLF related timers are still missing in TS38.331 [2]. In this contribution, we discuss the value range of RLF related timers (i.e. T310/T313) based on latest RAN1 agreements [3-6] and RAN4 agreement [7].  
2 Discussion

1.1 Differences of NR RLM and LTE RLM
Based on latest RAN1 agreements [3-6], the key differences between RLM of NR from that of LTE are list below:
· Both CSI-RS based RLM and SS block based RLM are supported
· UE can be configured X RLM-RS resource(s) where value of X is frequency range specific

· For below 3GHz:  X = 2
· For above 3GHz and below 6GHz: X = 4
· For above 6GHz: X = 8

· X RLM-RS resources can consist of different RLM-RS types (NR-SS or CSI-RS)

· Periodic IS 

· Indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on at least Y=1 RLM-RS resource among all configured X RLM-RS resource(s) is above Q_in threshold

· Periodic OOS

· Indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on all configured X RLM-RS resource(s) is below Q_out threshold
· Impact of RLM

· UE is not required to perform RLM measurements outside the active DL BWP
As we see, the basic difference is that both NR-SS and CSI-RS can be configured as RLM-RS in NR, instead of only CRS in LTE.
Observation 1: based on RAN1 agreement, both NR-SS and CSI-RS can be configured as RLM-RS. 

1.2 RAN4 agreements on RLM measurement evaluation period
At the same time, RAN4 made the following agreements on RLM measurement evaluation period [7]:

· IS/OOS evaluation period for non-DRX
· For RLM without gap
· TEvaluate_out_non-DRX_SSB = max{X1, [k1 samples * ssb-periodicity for corresponding RLM resource]}msec

· TEvaluate_in_non-DRX_SSB = max{Y1, [k2 samples * ssb-periodicity for corresponding RLM resource]}msec
· FFS for the case when RLM RS occasions are fully collided with gaps in time domain
· For RLM with gap

· Option 1:

· TEvaluate_out_non-DRX_SSB = max{X2, [K*k1 samples * max{ssb-periodicity for corresponding RLM resource, MGRP}]}msec

· TEvaluate_in_non-DRX_SSB = max{Y2, [K*k2 samples * max{ssb-periodicity for corresponding RLM resource, MGRP}]}msec

· Option 2:

· TEvaluate_out_non-DRX_SSB = max{X2, [k1 samples * max{ssb-periodicity for corresponding RLM resource, K*MGRP}]}msec

· TEvaluate_in_non-DRX_SSB = max{Y2, [k2 samples * max{ssb-periodicity for corresponding RLM resource, K*MGRP}]}msec

· Where the parameters are as follows

· FR1:

· k1= [10], k2=[5] 

· FFS values of X1 and Y1: the following values are for futher checking

· X 1= k1 *20

· Y 1= k2 *20

· FFS values of X2 and Y2: the following values are for futher checking

· X 2= k1 * 20

· Y 2= k2 * 20

· K is for gap sharing

· FR2:

· Option 1: 

· k1= [10], k2=[5] 

· FFS values of X1 and Y1: the following values are for futher checking

· X 1= k1 *20

· Y 1= k2 *20

· FFS values of X2 and Y2: the following values are for futher checking

· X 2= k1 *20

· Y 2= k2 *20

· K is for gap sharing

· Option 2: 

· k1= [10*n], k2=[5*n]

· n = [5] 

· FFS values of X1 and Y1: the following values are for futher checking

· X 1= k1 *20

· Y 1= k2 *20

· FFS values of X2 and Y2: the following values are for futher checking

· X 2= k1 *20

· Y 2= k2 *20

· K is for gap sharing

· Other options are not precluded 

In summary, 5 samples are needed to get estimation on one configured RLM-RS in FR1. And 5 or 25 samples are needed in FR2, where we may flip through more beams for RLM. 
Observation 2: in FR1, 5 samples are needed to get estimation on one configured RLM-RS.

Observation 3: in FR2, 5 or 25 samples are needed to evaluate one configured RLM-RS.

1.3 Discussion on value range of RLF timer

Since different RS are used in NR for RLM where NR-SS and CSI-RS have different periodicity from CRS, we can’t reuse values of T310 in LTE. Analysis on value range of T310 is needed.

First, we analyze how many T310 timers are needed to maintain in UE if UE can be configured with two kinds of RS for RLM. Basically, we have two options:

· Option 1: single T310 timer as in LTE independently of whether one or two RLM-RS types are configured
· Option 2: Two RS specific T310 timers if two RLM-RS types are configured

We prefer option 1 because the following reasons: 1. simultaneous configuration of two types RS has been agreed in RAN1 [6] which implied how IS/OOS indication are generated with RS should be transparent to L3; 2. RAN1 also has agreed that UE is not required to perform RLM measurements outside the active DL BWP. Since different BWPs may have different RS configurations, such RAN1 agreement also implied that T310 does not need to be RS specific. So, we propose:
Proposal 1: As in LTE, a single T310 timer is maintained by the UE independently of whether one or two RLM-RS types are configured
Then, we will get an estimation on minimum and maximum value of T310. Note in LTE, the below value candidate is used:
t310 ENUMERATED {ms0, ms50, ms100, ms200, ms500, ms1000, ms2000}

Here, the minimum value is 0ms. It indicates that the scenario that UE could detect a radio link failure immediately when the physical layer reports radio problems. We think such scenario should also be supported in NR:

Proposal 2: As in LTE, the minimum value of T310 is 0ms, which indicates that the scenario that UE could detect a radio link failure immediately when the physical layer reports radio problems.  

The estimation of maximum value of T310 is based on periodicity of RLM-RS and needed evaluation period. Although measurement window should bed applied for RLM, we need to calculate all possible RLF timer values by considering conservative measurement window under all possible RS types for one IS or OOS indication. Based on RAN1 agreement, the periodicity values of NR-SS as RLM-RS are {5ms,10ms,20ms,40ms,80ms,160ms}, and the periodicity values of CSI-RS as RLM-RS are {5,10,20,40}, which is covered by NR-SS periodicity value range. Then as a conservative estimation, the maximum value of T310 is (number of samples) * (maximum periodicity of RS) = 160ms *25 = 4000ms.    
Proposal 3: the maximum value of T310 is 4000ms.
Finally, we discuss the granularity of T310. The granularity of T310 in LTE is 50ms. One major difference of NR from LTE is the support of mmW deployment, where hybrid beamforming is considered to overcome high pathloss between transmitter and receiver. In such systems, both gNB and UE may employ multiple beams for control and data communication. User movement, angular rotation and fast channel variation may cause signal degradation of data and/or control beams. It may imply that shorter T310 timer is needed in NR at least for mmW deployment.
Observation 4: in mmW deployment, UE may need shorter T310 timer in NR than LTE 

One impact is that smaller timer granularity of T310 may be need in NR at least for mmW deployment. RAN2 should have a discussion on it.

Proposal 4: RAN2 to discuss whether smaller granularity of T310 timer than LTE (i.e. <50ms) should be supported for mmW deployment
Finally, it is still not clear in which IE to configure RLF timer. Note that we had the following RAN2 agreement [1]:
Agreements

1
RLM configuration and RLF related timers and constants are located as part of the SpCell configuration information (therefore a separate configuration from RRM)

Currently, the SpCell configuration IEs mainly includes ServingCellConfigCommon and ServingCellConfigDedicated. Since RLF related timer is UE specific, we think it should be configured in ServingCellConfigDedicated
Proposal 5: RLM configuration and RLF related timers and constants are configured in ServingCellConfigDedicated
3 Summary
In this contribution, we discuss the value range of RLF related timers (i.e. T310/T313) based on latest RAN1 agreements and RAN4 agreements. The proposals include:
Observation 1: based on RAN1 agreement, both NR-SS and CSI-RS can be configured as RLM-RS. 
Observation 2: in FR1, 5 samples are needed to get estimation on one configured RLM-RS.

Observation 3: in FR2, 5 or 25 samples are needed to evaluate one configured RLM-RS.

Observation 4: in mmW deployment, UE may need shorter T310 timer in NR than LTE 
Proposal 1: as in LTE, a single T310 timer is maintained by the UE independently of whether one or two RLM-RS types are configured

Proposal 2: as in LTE, the minimum value of T310 is 0ms, which indicates that the scenario that UE could detect a radio link failure immediately when the physical layer reports radio problems.  

Proposal 3: the maximum value of T310 is 3200ms 

Proposal 4: RAN2 to discuss whether smaller granularity of T310 timer than LTE (i.e. <50ms) should be supported for mmW deployment
Proposal 5: RLM configuration and RLF related timers and constants are configured in ServingCellConfigDedicated
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